With national focus on reading and math achievement, science and social studies have received less instructional time. Yet, accumulating evidence suggests that content knowledge is an important predictor of proficient reading. Starting with a design study, we developed content-area literacy instruction (CALI) as an individualized (or personalized) instructional program for kindergarteners through 4th graders to build science and social studies knowledge. We developed CALI to be implemented in general education classrooms, over multiple iterations (n ϭ 230 students), using principles of design-based implementation research. The aims were to develop CALI as a usable and feasible instructional program that would, potentially, improve science and social studies knowledge, and could be implemented during the literacy block without negatively affecting students' reading gains (i.e., no opportunity cost). We then evaluated the efficacy of CALI in a randomized controlled field trial with 418 students in kindergarten through 4th grade. Results reveal that CALI demonstrates promise as a usable and feasible instructional individualized general education program, and is efficacious in improving social studies (d ϭ 2.2) and science (d ϭ 2.1) knowledge, with some evidence of improving oral and reading comprehension skills (d ϭ .125).
Instructional time in the classroom is a precious commodity and, in the early elementary grades, priority is given to establishing strong reading and mathematics skills with little time to focus on content areas such as social studies and science (Banilower, Smith, Weiss, Malzahn, & Campbell, 2013; Duke, 2000; Fitchett, Heafner, & Lambert, 2010; Jeong, Gaffney, & Choi, 2010) . Our aim in the two studies reported here was to develop an instructional program that could be provided during the dedicated block of time devoted to teaching literacy and to test the efficacy of this program in improving students' content-area knowledge in social studies and science.
Content-area knowledge has been defined as the knowledge of a particular topic (Hirsh, 2006) and as academic knowledge (Snow, 2010) . Although frequently used interchangeably with background or general world knowledge, content-area knowledge focuses on particular areas of disciplinary knowledge, for example science and social studies.
Social Studies
Social studies is defined by the National Council for the Social Studies (NCSS, 1992 ; http://www.socialstudies.org) as an "integrated study of the social sciences and humanities to promote civic competence" (NCSS, 1994) . Knowledge of social studies is important for students' ability to understand their inclusion in history as well as to develop spatial knowledge (Macken, 2003) , develop empathy and understanding for human activities while being sensitive to temporal and situational aspects (Brophy, Alleman, & O'Mahony, 2003) , and understand a chronological span of events, in addition to continuity and change (Hoge, 1996) . Moreover, social studies has been cited as a key contributor to citizenship (NCSS, 1994) . However, social studies is not assessed consistently nationwide and because social studies is interdisciplinary (e.g., encompassing both history and social science), assessing social studies has been problematic (Risinger & Garcia, 1995) . Furthermore, social studies appear to have been left out of the agenda of No Child Left Behind and the new Every Student Succeeds Act (http://www.ed.gov/ESSA), at least more so than other content areas (e.g., science). This has resulted in reduced levels of testing efforts and accountability measures (Grant & Salinas, 2008) . However, the inclusion of the requirement that students read and understand content-area texts as part of the Common Core Standards (CCS Common Core State Standards Initiative, 2010) suggests that instruction in how to use and understand social studies texts is essential for mastery of these standards.
Science
Scientific literacy was defined by the National Science Education Standards (1996) as the ability to provide descriptions, explanations, and predictions for naturally occurring phenomena, which allows an individual to engage competently in society. More recently, scientific literacy has been described as follows:
. . . reading in science requires an appreciation of the norms and conventions of the discipline of science, including understanding the nature of evidence used, an attention to precision and detail, and the capacity to make and assess intricate arguments, synthesize complex information, and follow detailed procedures and accounts of events and concepts. Students also need to be able to gain knowledge from elaborate diagrams and data that convey information and illustrate scientific concepts . . . (Next Generation Science Standards, 2013, p. 1) Scientific literacy is required for a variety of societal functions, including competency in the workforce, good citizenship, and understanding science in the media (see DeBoer, 2000 for a review). Students who are exposed to explicit science-based literacy instruction during first and second grade demonstrate considerable gains in content-area knowledge in addition to growth in other literacy-based skills (Connor et al., 2012; Romance & Vitale, 2001; Williams, Stafford, Lauer, Hall, & Pollini, 2009 ). Moreover, the science knowledge gap between students living in poverty and their affluent peers begins early, likely before kindergarten (Morgan, Farkas, Hillemeier, & Maczuga, 2016) . Plus, students' science-based content-area knowledge is a strong predictor of their future academic success within the content area (Grant & Fisher, 2010) . However, relatively little instructional time is spent with informational (i.e., expository) texts during the earlier grades, and as a result, many students are exposed to fairly limited amounts of science instruction throughout the early elementary years (Banilower et al., 2013; Jeong et al., 2010) .
Pearson and colleagues (Pearson, Moje, & Greenleaf, 2010 ) assert that the lack of content-area instruction in science, which likely holds for social studies as well, may be due to a number of different factors. First, science texts are often less engaging and are not as well written as other texts. Second, instructional time is often spent on text-based activities as opposed to content knowledge. Third, both students and teachers tend to struggle with the concepts, vocabulary, and charts presented in scientific texts. These challenges are further exacerbated by the observation that the time allotted to content-area instruction in science has decreased by about 75 min per week in recent years (McMurrer, 2008) ; students across the nation are receiving less than 30 min per day of science instruction on average (Blank, 2012) . These instructional challenges may explain why fully 35% of eight graders and 57% of students eligible for free and reduced lunch scored below basic levels of science knowledge on the National Assessment of Educational Progress science assessment (National Assessment of Educational Progress, 2011).
The Literacy Block
One likely reason that time spent in social studies and science instruction has decreased is the ubiquitous "literacy block." This is the block of dedicated time that is focused on teaching reading. The literacy block lasts anywhere from 1 to 2 hr depending on the grade level and school. The value of literacy blocks was observed during the late 1990s (Wharton-McDonald, Pressley, & Hampston, 1998 ) and adopted by many schools during Reading First, a federal program designed to improve students' early reading skills (Gamse, Jacob, Horst, Boulay, & Unlu, 2008) . In our collaborations with our partner schools in Florida, Pennsylvania, and Arizona, all principals reported that they have a literacy block.
Within our partner school districts in Florida, where this study was conducted, what can be taught during the literacy block was limited to literacy activities as defined by their core reading curriculum (e.g., Open Court, Reading Mastery, Journeys). This typically excluded teaching science and social studies. Thus, one challenge was to work with our practitioner partners to investigate how to include social studies and science instruction during the designated literacy block.
Associations With Reading Comprehension and Rationale for CALI During the Literacy Block
Past and present research suggests that content knowledge plays a fundamental role in students' ability to comprehend text (Anderson, Reynolds, Schallert, & Goetz, 1977; Voss, Fincher-Kiefer, Greene, & Post, 1986) . Previous studies have shown that the quantity (Chi, Fletovich, & Glaser, 1981; Chiesi, Spilich, & Voss, 1979; Dochy, Segers, & Buehl, 1999) and quality of students' content-area knowledge predicts their comprehension abilities (Kendeou & van den Broek, 2005) . Quantity refers to the amount of knowledge a student possesses about a particular topic. Research shows that students with more background knowledge have better comprehension abilities than do students with less knowledge (Recht & Leslie, 1988) . Quality refers to the correctness of students' background knowledge, which has been shown to influence the amount of understanding gained from text (Diakidoy & Kendeou, 2001) . Moreover, gains in comprehension abilities have been found for students who have received explicit classroom instruction in content-area knowledge (Rawson & Kintsch, 2002; Rawson & Kintsch, 2004) .
There are a number of models that offer potential mechanisms for conceptualizing the links between disciplinary knowledge (i.e., This document is copyrighted by the American Psychological Association or one of its allied publishers.
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social studies and science) and reading comprehension. For example, the lattice model of reading for understanding suggests that academic knowledge is an integral part of the semantic system. It also hypothesizes that there are reciprocal and synergistic effects of linguistic, cognitive, and text-specific processes that interact with instruction (Child Characteristic ϫ Instruction [C ϫ I] interaction) and with each other to support overall learning (Connor et al., 2014) . The model that most influenced the initial development of CALI was the Direct and inferential mediation (DIME) model (Cromley & Azevedo, 2007) . In our adapted model (see Figure  1 , top), proficient reading comprehension is supported by decoding and word reading, semantic skills, and background/ academic knowledge. Academic knowledge (in this case science and social studies knowledge) theoretically improves strategy use, as well as inferencing and making connections, which indirectly improves reading comprehension. Moreover, following the lattice model, academic knowledge should be an integral part of the semantic system and so should be associated with greater vocabulary as well. The arrows in Figure 1 (top) represent areas that instruction might serve to improve (i.e., are malleable). Hence, in our simplified model (Figure 1, bottom) , we conjectured that improving science and social studies knowledge through CALI should improve reading comprehension directly as well as indirectly through stronger vocabulary and oral comprehension. (top) The preliminary logic model. The arrows represent potential content-area literacy instruction (CALI) intervention influences on the components of reading comprehension that should lead to stronger reading comprehension skills (bottom). The simplified version of the theory of change the efficacy study was designed to test. CALI is hypothesized to improve science and social studies knowledge, which in turn is hypothesized to predict oral language and vocabulary, which in turn predicts passage comprehension. Following the Direct and inferential mediation (DIME) model, improved science and social studies knowledge should predict passage comprehension directly. Testing reciprocal effects was beyond the scope of the study. See the online article for the color version of this figure. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Presence of Child Characteristic ؋ Instruction (C ؋ I) Interaction Effects on Content-Area Literacy Learning
There is accumulating evidence that at least some of the variability in students' acquisition of content-area literacy is because the effect of particular types of content instruction depends on children's incoming vocabulary, reading, and background knowledge. In a longitudinal correlational study (Connor et al., 2012) , researchers found that science activities where students worked with peers interactively to learn science (e.g., discovery learning) were associated with gains in content-area knowledge. However, this depended on students' previous (i.e., fall) academic and world knowledge. There was a large effect for students with stronger academic content knowledge but diminishing effects for students with weaker knowledge whereby students with the weakest skills showed no knowledge gains at all (i.e., a C ϫ I interaction effect). At the same time, when teachers worked with students interactively, students' demonstrated knowledge gains and there were no C ϫ I interactions.
Such C ϫ I interactions are pervasive in reading and so it is certainly reasonable that we would find C ϫ I interactions for science and social studies content-area learning. Although research examining individual differences in the content areas is just emerging, there is a strong body of evidence that C ϫ I interactions are causally implicated in children's acquisition of word reading and reading comprehension (Al Otaiba et al., 2011; Connor et al., 2013) . The child characteristics most strongly implicated in these C ϫ I interactions are word reading skills, reading comprehension, and oral language, particularly vocabulary skills, which are all likely to influence and be influenced by students' academic content knowledge (Snow, Lawrence, & White, 2009 ). There is some limited correlational evidence of C ϫ I interaction effects in science (Connor et al., 2012) but to the best of our knowledge, none in social studies. Because there is no strong evidence that such C ϫ I interactions are causally implicated in children's learning of content knowledge, testing this is one aim of the studies. At the same time, with the strong evidence in reading comprehension, and the close association between academic content-area knowledge and reading comprehension, we conjecture there are likely to be C ϫ I interactions in social studies and science. To meet these aims, we developed and evaluated CALI as an instructional regime (Cohen, Raudenbush, & Ball, 2003) , which we describe more fully below.
Design-Based Implementation Research (DBIR)
Our overall approach in the development of CALI was guided by an educational research framework known as design-based implementation research (DBIR). Building on design-based research (e.g., Cobb, Confrey, diSessa, Lehrer, & Schauble, 2003) , DBIR was developed in an effort to better understand the problem of why so many educational interventions are relatively fragile (Fishman, Marx, Blumenfeld, Krajcik, & Soloway, 2004) . Designbased research and DBIR are rooted in "small-t theories", as opposed to "capital-T Theories", which may lack details on practical applications. Thus while the capital-T theories framing our studies were the DIME model and C ϫ I interactions, the overarching "small-t theory" guiding our work was examining how the DIME model and C ϫ I interactions, focusing on content knowledge, might operate with younger children in elementary schools.
DBIR aims to create interventions that are aligned with the needs and challenges of schools as organizations, to develop interventions that are more usable and, therefore, likely to be more scalable. There are four key principles behind DBIR. First, there must be a common commitment to solving problems of practice as constructed by educators and educational leaders; that is, from the perspective of those who will ultimately be responsible for implementing interventions. That is why in this project we worked collaboratively on design with educational leaders and teachers who were part of the design team. Second, DBIR engages in iterative, collaborative design of solutions targeting multiple levels of the system: design that is informed by ongoing and systematic inquiry into implementation and outcomes, and is consistent with the research approach in this proposal. Third, there is a common commitment to building theory and knowledge within the research community. And fourth, there is a focus on developing sustainable change within systems.
In conducting DBIR, the procedure involves iterating between design and testing to continually refine the instructional regime toward the aims established by the theories. A number of subtheories may also be at play with respect to individual design elements, guiding designers with respect to how particular elements of the intervention function with respect to the aim. We would expect that both our design instances and our "small-t theories" about how those designs function would evolve over time, informed both by usability and outcome data generated through our iterative design pre-posttest studies.
One might argue that what we are describing is design-based research (Anderson & Shattuck, 2012 ) and we do not disagree. According to Fishman, Penuel, Allen, Cheng, and Sabelli (2013) , DBIR builds on design-based research and theories of student learning to "contribute to theories of organizations and institutions . . . by pointing out how the deployment of new tools . . . can bring to light new needs for coordination across different system levels . . ." (p. 144). The literacy block is pervasive throughout school systems with sometimes limiting rules about "what counts" as appropriate literacy instruction. Our aim was that CALI might be a way to test whether we could find ways to expand definitions of "what counts" without interfering with an effective way to teach reading (Wharton-McDonald et al., 1998) .
There are not, as yet, many examples of DBIR work. Notable examples include the work of the Strategic Education Research Partnership, an outgrowth of the National Research Council (Donovan, 2013) , the development of assessment-to-instruction software , and earlier work between the University of Michigan and the Detroit Public Schools as part of the National Science Foundation-funded Center for Learning Technologies in Urban Schools (Blumenfeld, Fishman, Krajcik, Marx, & Soloway, 2000) . In addition to developing CALI as an implementable literacy instructional program, we also planned that this project might serve as another example of DBIR in practice, thus advancing the state of the art.
Specific DBIR aims included (a) exploring ways to expand the definition of what is considered acceptable instruction (i.e., social studies and science) to be delivered during the literacy block, (b) investigating ways to build in science and social studies instructional affordances that promote the learning of students with This document is copyrighted by the American Psychological Association or one of its allied publishers.
differing language and literacy skills, and (c) studying ways to feasibly use evidence-based and disciplinary-specific instructional practices from social studies (e.g., original sources) and science (e.g., experiments), and evidence-based literacy instruction practices from literacy research (e.g., assessment-guided instruction, discussion) that would support students' social studies and science knowledge learning from text without opportunity cost (i.e., negatively impacting gains in reading).
The Efficacy Study
Randomized controlled trials (RCTs) are considered the gold standard in education science (Shadish, Cook, & Campbell, 2002; Shavelson & Towne, 2002) . This is because alternative explanations cannot be ruled out in pre-post study designs, which are frequently used in design studies and which we used in our DBIR. At the same time, researchers conducting RCTs take a very different perspective than do researchers conducting DBIR and, hence, make different epistemological assumptions; and we acknowledge this tension. For example, while DBIR is essentially contextual, RCTs are based on the assumption that an intervention should be effective across a number of contexts, and when implemented by teachers who did not design the lessons. Indeed, our efficacy trial was conducted in a different partner district than our DBIR studies, with different aims and assumptions, and by teachers who were not on the original design team.
Our justification for this shift in perspectives was that before moving forward in disseminating CALI, we needed to be sure that it was actually effective in improving social studies and science knowledge when delivered during the literacy block in different contexts, by different teachers, and in different schools with different goals and challenges. As an efficacy RCT, in contrast to effectiveness or scale up RCTs, our purpose was to examine whether CALI promoted improved content knowledge when implemented with high fidelity under more controlled but still realworld conditions. Hence, the aims of the efficacy study were fourfold: (a) to evaluate whether CALI would be efficacious in building content-area knowledge in social studies and science; (b) to examine whether the effect of CALI depended on students' incoming language and reading comprehension skills (i.e., C ϫ I interactions); (c) to examine whether CALI could be implemented during the literacy block without opportunity cost-that is, that time spent in content-area literacy instruction would not come at the cost of diminishing language and reading comprehension skills; and (d) to test our logic model (Figure 1 , bottom) that improving academic knowledge would improve both oral and reading comprehension.
The Design Study

Method
To pursue our DBIR research and development research aims, we used a mixed-methods approach that combined qualitative and quantitative techniques to inform the iterative development of CALI. We employed observational, interview, and analytic methods during a series of iterations that also employed a pre-post correlational design to help us determine the usability, feasibility and promise of efficacy of CALI and to assess whether there were C ϫ I interactions.
Participants
Design team. The design team included the principal investigator of the project, whose clinical degree was in speech language pathology and whose doctorate degree was in education, specifically special education-language, literacy and culture. At the time of the study, she was an associate professor in developmental psychology, with over 15 years of teaching experience. The project director had a bachelor of science degree in elementary education and a master of science degree in language and literacy, with 4 years of experience working with elementary school teachers and students to build literacy skills. Other members of the team included a student majoring in journalism, a doctoral student in early childhood education, a doctoral student in reading and language arts education, an expert in science education, and three teachers who worked full time on the project as developers and teachers. Additionally, we worked closely with school principals and classroom teachers in our partner schools, gaining their advice and insight through formal and informal interviews. Overall, the team had over 25 years of teaching experience and represented several disciplines.
Participants. The design studies were conducted in 2010 -2011, focusing on social studies, and in 2011-2012, focusing on science, in three elementary schools in a North Florida school district. In the 2010 -2011 school year, participating students were in kindergarten (n ϭ 35), second (n ϭ 66), third (n ϭ 73), and fourth (n ϭ 56) grades in two schools with over 40% of students participating in the U.S. Free and Reduced Lunch Program (FARL) across 19 classrooms. The students in the sample were highly diverse with 54% African American, 34% White, 8% Hispanic, and 4% belonging to other ethnicities. About half were girls and about 12% qualified for special education services. In the 2011-2012 school year, students in kindergarten through fourth grade in one continuing school and one new school participated. Again, the student sample was diverse and very similar to the students in the previous year. There were 57 kindergarteners, 41 first graders, 51 second graders, 40 third graders, and 38 fourth graders (total n ϭ 227).
Nineteen teachers and three principals in the partner schools participated both formally and informally in the design process. Informal conversations between teachers on the research team and teachers in the schools proved to be most helpful in redesigning CALI. Formal meetings with principals focused on the requirements for including CALI as part of the literacy block.
Assessments
Proximal content knowledge assessments. Used for both the design studies and the RCT, we developed pre-post unit assessments for each unit that included 12 multiple-choice questions and three open-ended questions, and which focused on the topic covered in the unit. During the design studies, the assessments were used to measure how well students were learning the content of the units and whether there were C ϫ I interactions. During the RCTs, the assessments were used as a proximal measure of CALI efficacy. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Two of the 12 multiple choice questions were on topics that were not explicitly covered during the unit. These questions functioned as counterfactual items to provide a more conservative estimate of pre-posttest gains (i.e., we would not expect students to learn this content unless it was covered during regular instruction in the classroom). Reliability on the assessments was acceptable (see Table 1 ). On the third-grade science Unit A assessment, a typical multiple choice question was as follows (D is correct): The sun provides us with several forms of energy. Name a form of energy that the sun provides us and tell how we use it.
The principal purpose of the open-ended questions was to assess how well CALI supported the ability to answer more complex questions and students' ability to talk or write about what they had learned. For all of the open-ended questions (i.e., Items 13-15), two researcher assistants scored each question on a 0 -3 point scale, with 3 representing a complete answer. Overall, interrater agreement was excellent (see Table 1 ).
Because spelling and grammar can influence judgments of writing quality (Graham, Harris, & Hebert, 2011) , we carefully considered whether spelling and grammar errors might bias the scoring of the students' written responses to open-ended questions. Kindergarteners and first graders dictated their responses; however, second through fourth graders wrote their responses. A careful review of the students' written answers suggested that very few of them used complete sentences; nor were students requested to use complete sentences. Many responses were lists and short phrases. Hence, we did not consider grammar in the analyses. However, many children provided "interesting" spellings, particularly of science and social studies vocabulary. While we did not count against misspellings, it is possible that the research assistants scoring the open-ended responses could not decode the misspelling or might have given a lower score because of misspellings. Therefore, we counted the number of misspelled words and divided by the number of words in the response to compute the proportion of words misspelled. Reliability (kappa) for identifying misspellings was excellent ranging from .86 to .92 across the three raters. Reliability (kappa) for counting number of words was even higher (.96 -.99). When we examined correlations between scores on unit posttests and misspellings, with one exception, none of the correlations were significantly different than zero. There was a weak negative correlation for the science Unit A posttest and spelling on that assessment, r ϭ Ϫ.165, p ϭ .012.
Standardized measures. We also administered the Picture Vocabulary, Letter-Word Identification, and Passage Comprehension subtests of the Woodcock-Johnson-III Tests of Achievement (WJ-III, Woodcock, McGrew, & Mather, 2001 ). These assessments were administered prior to beginning of the design study to examine C ϫ I interactions. On average, students were achieving grade-level expectations with standard scores averaging 99.5 (SD ϭ 15) on Picture Vocabulary and 98 (SD ϭ 10.7) on Passage Comprehension. All three measures are psychometrically strong with reliabilities (alpha) between .70 and .98 according to the technical manual.
Procedures
Already developed design components. As described in Connor et al. (2010) , a second-grade CALI science unit had already been developed using the 5-E learning cycle (that is, Engagement, Exploration, Explanation, Elaboration, Evaluation; Bybee, 1997) and was used as the foundation for the development of CALI social studies and science across grades. In this version of CALI, each student had a scientist notebook, which was a looseleaf binder. Modeled after the work of Palincscar and Magnusson (2001) and Seeds of Science, Roots of Reading (Lawrence Hall of Science, 2007) , students kept all written work, including graphic organizers and responses to questions, in these binders and referred to them throughout the lessons. We also used hands-on experiments and trade science texts including books from Seeds of Science, Roots of Reading. Text accommodations had to be made for students with weaker reading skills. Students were grouped according to oral reading fluency and passage comprehension scores and sat with their group during the lessons. The teacher began each lesson with a discussion with the entire class, which frequently included an initial reading of the texts and a review of the work for the day. Then, working in their groups, students would read the book (each student had their own book) or conduct their experiment and would complete their worksheets (e.g., responding to questions; graphic organizer; recording observations). The teacher would float among the groups providing extra support where needed.
Iterative design procedures. The design team met weekly and in these work circle meetings, we reviewed the literature, made initial design decisions and developed lessons, reviewed lesson plans and materials as they were developed, and as CALI was implemented, reviewed conversations with school teachers and principals and the results of the pre-posttests. All of this information, recorded using field notes, summary documents, and documented minutes during the work-circle meetings, was used to make decisions about how to improve the lessons and materials (see decision rules below). Usability (e.g., lesson plan and mate- Note. Interrater correlations significant at p Ͻ .001. This document is copyrighted by the American Psychological Association or one of its allied publishers.
rials ease of use) and feasibility (e.g., able to implement in context without undue burden) were both considered. Initial design decisions. We started with an overall design framework based on our previous research (Connor et al., 2010) and the expertise of the design team. Reviewing minutes from the meeting and summary documents, we made the following decisions in September of 2010. Later relevant changes from other documents are added as "Notes" below.
1. CALI will be implemented in 2-to 3-week units, 4 days/ week, with each lesson lasting 1 day.
2. Units will use a common framework that builds on previous research. We decided that we would have to adapt this framework for social studies and, if it was effective, then translate it to use with science. Therefore, we initially developed a five-phase system: connect, clarify, research, apply, and appraise, which was modified to a four-phase system based on findings (see Figure 2 for final framework).
a. In the connect lessons, students will connect a concept in social studies (e.g., state government) with something that is current, in their life, or in the news (e.g., the current governor). The idea is to begin to build the concept while building enthusiasm and motivation.
b. Clarify lessons will focus on reading and how to read and learn from secondary sources in social studies. These lessons tie back to the connect lesson to maintain enthusiasm and motivation, and help students continue to feel connected to the topic.
c. The research lessons will teach children about primary sources (photographs, journals, letters) and how to read and use them to elaborate on secondary sources (textbooks). For science, this would be experiments.
d. The apply lessons will focus on making connections and drawing conclusions through projects (e.g., posters) and writing. The goal is that children will learn the concepts covered in each unit as well as how to read and learn from expository text.
e. In the appraise lessons, teachers and students will reflect on what they had learned (notes from October 11, 2010).
i. Note. This phase was ultimately dropped and incorporated into the apply lessons.
3. Teachers will use specific discussion strategies, such as brainstorming and think-pair-share, to promote students' engagement and learning.
4. Instruction will be semiscripted for teachers (sample lesson plans are provided in the online Supplementary Materials).
5. Lessons and materials will be individualized for flexible learning groups. We planned to test whether grouping students on reading comprehension or some other skill, such as pretest, would be most effective. Based on our previous research, reading comprehension was the most likely candidate and we started there.
6. Topics were selected based on Common Core State Standards, which had just been published in draft form, and the Sunshine State Standards in Florida.
a. Note. We also consulted school principals and the deputy superintendent in charge of elementary curriculum. The clear message was that if the topics did not align with the state standards and the new core standards, CALI would not be usable or feasible. The topics selected are provided in Table 2 . The educational leaders also made it clear that only if the principal goals of CALI were reading and understanding expository text, would CALI be acceptable for instruction during the literacy block.
That document also detailed our plan regarding how we would make decisions to change or leave the intervention as is.
a. Most important-gains on key indicators will indicate that we did not need to change the intervention substantially. b. Usability and feasibility-reasonably easy to for teachers to implement and follow scripts; ability to complete lessons in allotted time, with students engaged, would suggest that intervention is about "ready for prime time." c. Grouping-interactions among students are appropriate; no C ϫ I interactions on posttests.
Finally, the document provided a logic model (see Figure 1 , top). Again, this model was adapted from the DIME model (Cromley & Azevedo, 2007) and the proposed component model of This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
language (Connor et al., 2014) , and informed our initial version of CALI. The theory of change model proposes that science and social studies instruction supports developing semantic and academic knowledge, whereas the ability to make strong inferences and connections within and between texts supports reading comprehension. In turn, stronger reading comprehension of expository texts supports the development of science and social studies knowledge and the semantic system overall. Together, the model conjectures a reciprocal loop that supports proficient reading for understanding. In this model, decoding is an important source of influence on students' comprehension and so some focus on decoding words (e.g., multisyllabic and compound words found in science and social studies texts) would be provided to students with weaker skills. However, decoding was not a principal focus of CALI. Schedule of implementation. We focused on kindergarten and second through fourth grade and social studies for the first iteration of the CALI. First graders in our partner schools were already involved in another study and so designing lessons for them was postponed until the following school year. Preintervention assessments (the WJ-III assessments and the Unit 1 and 2 tests) were conducted the first week of November. Dividing the students into two cohorts, we implemented Unit 1 in half of the classrooms during the second week of November. We then reviewed how lessons were implemented during work circle meetings, made necessary revisions, and implemented the same unit to the second cohort of students during the third week of November. We then reviewed the implementation again and made any needed changes. We repeated this procedure for Unit 2 through the end of November and the beginning of December. Following the implementation of Unit 2, we conducted the postintervention assessments (Unit 1 and 2 Posttests). Having two cohorts allowed us flexibility and the ability to make and test changes to the lesson plans and materials more quickly. We then reviewed the results of the first set of studies following our decisions rules. One of the first decisions we made was to conduct pre-and posttesting for each unit. In this way, through the 2010 -2011 and 2011-2012 school years, we developed CALI social studies and science. 
Design Study Results
Iterations. Data results for the DBIR study are provided in Table 3 . During our first iteration, there was a large effect of treatment on pre-posttest gains on the unit content assessments, taking into account the counterfactual items (d ϭ .84), however, we found C ϫ I interaction effects. Specifically, students who started the intervention with weaker pretest unit scores made greater gains pre-to posttest, which we decided was acceptable. We also found that students who had stronger passage comprehension scores made greater gains than did students with weaker scores, which was not acceptable. When the team teachers implemented CALI, they reported that the unit required 3-4 weeks to accomplish and that 2 weeks was too short. However, given school principals' and teachers' feedback about their calendars, 4 weeks would be too long and would be interrupted by school holidays, assessment weeks, and other school activities.
Based on these results and feedback from the teachers who implemented CALI, the team (including the teachers) made the following decisions: (a) we decided to design 3-week units; (b) to revise the lessons to include more writing, particularly in response to open-ended questions; (c) to change the format moving from primarily whole-class implementation with the teachers floating among groups to starting each lesson with a whole class lesson and then moving to small flexible learning groups that rotated through a teacher table; additionally, (d) the research teachers stated that the commercially available leveled texts (by Pearson Scott Foresman) we were using were inadequate inasmuch as the lower level (i.e., easier) texts were not including key vocabulary and information, which, they conjectured, might contribute to the C ϫ I interactions. When the entire team (including the teachers) reviewed the texts, they concurred. Based on this observation and after further discussion (and encouragement from our journalism student), the design team decided to write leveled readers rather than use the trade books. For each unit we wrote one or two books for each group-blue (above grade level), green (below grade level) and yellow (at grade level, see online Supplementary Materials). We relied on metrics from Lexiles (https://lexile.com/) and Coh-Metrix (http://www.cohmetrix.com/) along with professional judgment and trial and error to develop the text. Each student received the books for the unit and kept them in the scientist notebook.
In the second iteration, we tried grouping students by unit pretest score. Review of the data revealed that, again, students with weaker preunit test scores made greater gains. Fortunately, we found no C ϫ I interaction with passage comprehension; however, we found that students with stronger vocabulary scores made greater gains than did students with weaker vocabulary scores. Discussion during the work circle meetings then focused on how we might incorporate explicit vocabulary instruction into the lessons themselves. The researchers and research teachers agreed that we might highlight key vocabulary in the texts themselves and add specific vocabulary discussions to the scripts. In response, the team revised and expanded use of leveled books and highlighted key vocabulary, expanded the use of graphic organizers, and developed explicit vocabulary instruction using the key vocabulary words that were incorporated into the lessons.
Finally, the teachers who implemented CALI reported that using the unit pretest left the groups too heterogeneous with regard to reading skill, and the leveled materials (e.g., texts, graphic organizers) were not appropriate for all members of the small group. In their opinion, using the passage comprehension score to create flexible learning groups resulted in more feasible implementation of individualized instruction.
During the second iteration, research teachers experimented with a number of different grouping strategies by varying the size, number, and skill to determine group membership. They reported that the optimal group size appeared to be three to five students and that the groups were too large with six students. There was discussion during the work circles that this might mean there would be uneven numbers of higher performing, typical, and lower performing student groups. The team decided that this was acceptable and we would try out smaller groups during the third iteration.
In our third iteration, we used groups that were created based on passage comprehension scores and that had no more than five students per group. Work-circle discussions during the third iteration focused on improving usability and feasibility. Our team teachers who were implementing CALI suggested several ideas for improving the usability of the scripts including discussion questions and strategies. Specifically, they suggested that we highlight the strategies for improving student participation that they found most useful-think, pair share; brainstorming; questioning; and so forth-and include definitions on the lesson plans. Additionally, This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the team realized that looking ahead to the RCT, we needed to develop a way to provide CALI without relying on the initiating whole class discussions because children were going to be randomly assigned within classrooms. Additionally, having an alternative to the whole class approach might better support the new district mandates (per the partner principals) that at least 50% of the literacy block had to be conducted in small groups. Thus, the team worked together to create a small flexible learning group rotation so that teachers met first with the group of students with the weakest reading comprehension scores (i.e., the green groups) and then met with the other groups. The design team also conjectured that this more structured approach might allow the participation of paraprofessionals although this was not tested. The final version of CALI, where all instruction was provided in small groups, was tested in the fourth iteration and was used for the RCT. In the fourth iteration, a review of the data revealed strong pre-post unit test effects (d ϭ .86) and there were no significant C ϫ I interactions. Teachers reported that holding discussions during the small groups was feasible. Plus, the format provided opportunities for children who were reticent to talk more opportunities to participate. The length of each group meeting was longer-closer to 15-20 min per group-to cover the entire lesson with each group, compared to the protocol that started with wholeclass discussion, which took about 30 min for the entire class.
After four iterations, which took the entire 2010 -2011 school year, we developed two social studies units (see Table 2 for topic and online Supplemental Materials for sample lesson plans; materials available upon request from the first author). Development of the CALI science units and first grade social studies occurred during the first half of the 2011-2012 school year and we modified our DBIR approach so that we implemented CALI science Unit A and then developed CALI Unit B based on what we learned from implementing CALI Unit A, and then retroactively revised CALI Unit A based on what we learned from implementing Unit B. Our rationale was that we had learned important information in the four iterations that we conducted for CALI social studies that could be applied to CALI science. With this accelerated development, CALI science was developed in time to be in the efficacy trial once CALI social studies was completed.
Data results from CALI science suggested more moderate effects of treatment for Unit A (d ϭ .58) with a C ϫ I interaction with pretest, which was negative (r ϭ Ϫ.29, p Ͻ .01, i.e., students with weaker pretest scores made greater gains) but a positive correlation with passage comprehension, r ϭ .29, p Ͻ .001 suggesting that students with stronger passage comprehension scores made greater gains on the unit assessment. We made changes to the lesson plans and materials to address the C ϫ I interaction with passage comprehension. The final iteration indicated that CALI showed evidence of both promise and feasibility without significant passage comprehension C ϫ I interaction effects.
Description of CALI Protocols, Lessons, and Materials
Protocol. Each 3-week unit was provided during the literacy block, 4 days per week for 30 min when initiating lessons with the entire class and between 15 and 20 min per group when using small groups. The length of the components varied but, in general, connect lessons were 1 day, clarify lessons were 3-4 contiguous days, research lessons were also 3-4 contiguous days, and Apply lessons were 3-4 contiguous days. CALI science was developed as the flexible learning group version but could easily be adapted to the whole class protocol. Selected lesson plans and materials are provided in the online Supplemental Materials.
Flexible learning groups. The team reached consensus that assigning by reading comprehension skill level across three groups-below grade expectations (green, standard score approximately below 90), about at grade level (yellow), and above grade level (blue, standard score approximately above 110) was feasible and supported students' content literacy learning without C ϫ I interactions that negatively impacted students with weaker incoming skills. To keep the number of student per group at the optimal numbers of no more than five students, some classrooms had more than one group at each level (e.g., two green groups, two yellow groups, and one blue group).
Leveled books, graphic organizers, and scientist notebooks. The leveled short books written for the units appeared to be critical for reducing C ϫ I interactions (see results for the third and fourth iterations). Again, the team found that leveled trade books tended to delete important content and vocabulary to make the books easier to read, which we assumed to be the reason we found C ϫ I interactions effects for vocabulary in the second iteration. Additionally the books could become part of the scientist's notebook (Palincsar & Magnusson, 2001 ) so the students could access them easily throughout the lessons. We also developed leveled graphic organizers for each group; again making sure that content and vocabulary were the same across groups but with more built-in scaffolding for weaker readers. For example, students in the green groups might write three sentences in a graphic organizer whereas students in the blue group would be expected to write five sentences. Scientist notebooks were loose-leaf binders and students kept their books, graphic organizers, and notes in these books. Observations revealed that students used their notebooks during lessons and referred to previous work to make inferences about new content.
Use of original sources in social studies and experiments in science. A key part of CALI was helping students read across various types of texts and to learn disciplinary-specific practices. Hence, in addition to the leveled books, students read original sources in social studies, such as facsimiles of letters and documents (e.g., Bill of Rights), as well as examined photographs of the time being studied during the research lessons. With regard to science, lessons explicitly taught the scientific method, including observation and experimentation. During the research lessons in science, students conducted experiments and analyzed data (e.g., graphing observations). Based on our observations, team teacher reports, and pre-post assessments, these strategies appeared to function as anticipated.
Scripting and supporting discussion. Based on team and partner teacher feedback, we developed open-ended scripting that provided specific suggestions for fostering discussion (e.g., openended question prompts) but not so much scripting that implementation became cumbersome. The final scripting used in the lessons was, in the design teams' opinion, sufficient to give teachers a good idea of how to implement the lessons while still allowing them professional discretion to elaborate or build on the ideas in the lesson. This document is copyrighted by the American Psychological Association or one of its allied publishers.
CALI Efficacy Study
The DBIR study, although critical to developing CALI, could not demonstrate that CALI was efficacious in other contexts. Indeed, it is possible that the observed gains were context/school specific or the result of our partner classroom teachers' effective instruction, and not due to CALI. Moreover, without a control group, we could not examine whether content knowledge gains differed for students who did or did not participate in CALI. Nor could we evaluate whether there might be an opportunity cost to implementing CALI during the literacy block, which would manifest as weaker gains in reading for students in the CALI group. Williams and colleagues (2009) note that one reason social studies and science are taught less is because there is a perception that time spent in social studies and science is less time spent in reading instruction. Therefore, our next step before scaling up with an effectiveness RCT was to conduct an RCT efficacy study.
Method
Participants. Kindergartners through fourth graders (n ϭ 418) in 40 classrooms attended six schools in a large school district located in the Panhandle of Florida. Schoolwide percent of FARL ranged from 40% to 91% with a mean of 57%. After classroom rosters were obtained, students were matched on passage comprehension (described below) and randomly assigned within classrooms to participate in CALI or to a business as usual control. Students were then assigned to groups: green (passage comprehension below grade level, standard score [SS] Ͻ 90), yellow (at grade level, SS between 90 and 110) or blue (above grade level, SS Ͼ 110) groups and remained in these groups throughout the school year.
Of the original 459 students (n ϭ 41), 8.9% left the study before the end of the school year because they moved out of the school or district. The final sample size of 418 students provided a minimally detectable effect size of 0.25 for the overall sample and 0.35 by grade (power ϭ .82, groups ϭ 2 [or 8 by grade], G-Power version 3.1.9.2 and Optimal Design version 3.01). No parents withdrew their child from the study. Attrition was evenly distributed across the treatment and control conditions, 2 (1) ϭ .047, p ϭ .878, and grade 2 (4) ϭ 1.35, p ϭ .878. We also examined whether there might have been differential attrition based on fall reading comprehension scores and found none, F(1, 455) ϭ .554, p ϭ .457, for condition by missing-by-spring interaction effect.
In the final sample, there were 212 in the CALI condition and 206 in the control condition and between five and 22 participating students per classroom with a mean of 10 students/classroom. There were 83 kindergarteners, 109 first graders, 75 second graders, 76 third graders, and 75 fourth graders. Twenty-five percent were assigned to the higher performing blue groups, 20% to lower performing green groups, and 55% to the average performing yellow groups. Seventy-seven percent were white, 10% were African American, and the rest belonged to other ethnicities. About 50% of children qualified for FARL, a widely used indicator of family poverty. The distributions were similar for both conditions.
Measures. We used the same measures as described in the design studies with some changes. We added the WJ-III Oral Comprehension test ); we did not administer the Letter-Word Identification test, and we added a researcher-developed measure of reading comprehension, Reading-2-Comprehension (R2C). Reliability and interrater reliability for the researcher-developed assessments are provided in Table 1 .
The Oral Comprehension test, which was administered live, is designed to measure students' ability to listen to and comprehend a passage and then supply a missing word using syntactic and semantic cues. According to the WJ-III technical manual, split-half reliability for Oral Comprehension is .85 .
We developed a comprehension assessment designed to require inferencing and comprehension monitoring, which was administered to third and fourth graders. Called the Garden Path Maze when developed, and currently named R2C, students are presented a paragraph that has a missing word at the beginning of the paragraph with four possible answers. All four words provided are correct in the context of the first few sentences. Students must finish reading the passage to determine the correct word to select (see the online Supplemental Materials for an example). Rasch analyses suggest good reliability (␣ ϭ .853 with this sample) particularly for students with scores between Ϫ.5 and ϩ 1.8 logits (see Figure S .1 in the online Supplemental Materials for item characteristic curves).
CALI condition. Because this was an efficacy trial, which is conducted in schools but under more controlled condition than an effectiveness trial, CALI was implemented by teachers who were hired by the research team rather than the classroom teacher. All teachers had experience working with children and were either certified or in university programs to become certified. Design team teachers and researchers who had been involved in the development of CALI, as well as a postdoctoral fellow in education with over 7 years of teaching experience conducted professional development for the teachers. The teachers attended a fullday workshop where the aims of CALI and how to implement the lessons were carefully described. Teachers also received hands-on opportunities to implement CALI. The teachers also participated in weekly project meetings and provided feedback and observations regarding CALI implementation.
Fidelity. To determine whether CALI was being implemented as intended, we conducted fidelity observations during implementation. The project director observed each teacher during the first week of implementation and completed a lesson plan checklist. This was to ensure that teachers were generally following the scripts, working with each group; that each group was no more than five children; and that discussion strategies, leveled readers, and graphic organizers were being used as intended. If elements of the lesson were missing or not implemented optimally, the project director provided feedback and observed the teachers again the following week until they were implementing CALI as intended. Then they were observed monthly. No teacher required more than two observations during the first weeks of implementation to achieve adequate fidelity. Based on observations during the first weeks and monthly observations thereafter, the teachers implemented CALI as intended using the small learning group (i.e., groups of no more than five students), during the literacy block in the classroom or in a quiet place near the classroom. Classroom teachers at the participating schools were required to provide small group instruction during the literacy block. Thus, based on team teachers' and classroom teachers' report, CALI was usable, feasible, and well-suited to the organization of the classrooms. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Control condition. Students who were not randomly assigned to participate in CALI received business as usual instruction during the literacy block from the classroom teacher. Based on observations conducted by the researchers, this was principally the scope and sequence of the literacy core curriculum, Houghton Mifflin, which varied depending on the grade. Although some expository text use was observed, there was no focused science or social studies instruction during the literacy block. In general, the quality of instruction was adequate to excellent based on observation. This was expected given the focus in the district on professional development and providing evidence-based reading instruction.
Of note, classroom teachers reported that they taught science and social studies following the Florida Sunshine State Standards but not during the literacy block. Unfortunately, it was beyond the funding available to observe science and social studies instruction although we reviewed the science and social studies cores used (Scott Foresman). Hence, for purposes of RCT fidelity, we might assume that all students, treatment and control, received the content covered in the core curriculum, which would cover the content in CALI because CALI was carefully aligned with the Florida Sunshine State Standards. However, students in CALI would have received more time in science and social studies instruction (CALI plus the cores) and, arguably, less time in core reading instruction than the students in the control group.
Results
Establishing baseline equivalency. Descriptive statistics of pre-and poststudy assessments are provided in Table 4 . Analyses of group differences on pre-CALI measures confirmed that there were no significant differences between CALI (i.e., treatment) and control groups at baseline and that, on average, students were performing at expected levels.
Treatment effects on content-area knowledge. We used hierarchical linear modeling (HLM) analyses, to account for the nested structure of the data (children nested in classrooms), controlling for pretest unit scores and grade level. We found significant treatment effects of CALI for both social studies (g ϭ 2.27) and science (g ϭ 2.10). Students randomly assigned to CALI achieved significantly higher social studies and science postunit scores on the proximal measures. Model results are provided in Table 5 .
Because students were given CALI content knowledge assessments prior to and after each 3-week unit, we were able to examine changes and accumulation in social studies and science performance over time across the school year by conducting longitudinal piecewise HLM analyses (Raudenbush & Bryk, 2002) with repeated measure over time nested in students nested in classrooms. We were able to account for the shared within-child variance on the assessments, which was important because of potential form (all assessments followed the same format) and practice effects, and we were able to account for within-classroom shared variance.
Keeping in mind that these assessments were given orally to kindergarteners and first graders whereas second through fourth graders were expected to read and write, we coded kindergarten to first grade (K-1st) ϭ 0 and second to fourth grades (2nd-4th) ϭ 1 and entered the variables at the classroom level (see Table 6 ). As can be seen in Figure 3 , on average, students in the CALI condition showed significantly greater gains with resultant higher scores on the social studies posttest compared to the control (d K-1st ϭ .66; d 2nd-4th ϭ 1.07). They also showed higher scores on the science pretest suggesting some transfer across content areas (d K-1st ϭ .53; d 2nd-4th ϭ .31). Finally, they made significantly greater gains with large effects of CALI on the science posttests (d K-1st ϭ .94; d 2nd-4th ϭ 1.17).
We calculated the misspelling ratios (number of words misspelled divided by the total number of words) for each unit posttest and entered the ratio into the model at the second level (student level). On average, the ratio of misspellings ranged from .06 for the posttest of science Unit B (the last unit implemented) to a high of .13 on the posttest for social studies Unit A (the first unit implemented). In a Note. SS ϭ standard scores; RS ϭ raw scores. Based on 95% confidence intervals of means, there were no significant differences between CALI and control groups prior to implementing the intervention (p Ͼ .05). SS are reported to facilitate interpretation of scores where the grade-corrected mean is 100 (15). Developmental scores (W) were used in analyses. This document is copyrighted by the American Psychological Association or one of its allied publishers.
series of models, only misspelling on the science Unit A posttest (M ϭ .11, SD ϭ .20) predicted the outcome (coefficient ϭ Ϫ2.91, p Ͻ .001). However, when the other misspellings were trimmed and misspelling on science Unit A added to the slopes (both social studies and science), misspelling had no significant effect on students' gains in content knowledge (p ϭ .117) and there continued to be a CALI treatment effect (see Table S .3 in online Supplemental Materials).
Testing for Child ؋ Instruction interactions. A key aim of CALI's design was to reduce C ϫ I interaction effects. We tested for C ϫ I interactions of oral comprehension, vocabulary, and passage comprehension in two ways: First by examining interaction effects in our piecewise growth curve model and then using quantile regression (Koenker & Bassett Jr, 1978; Petscher & Logan, 2014) . A description of quantile regression and the results Note. Students in CALI ϭ 1, control ϭ 0; kindergarten ϭ 0, first grade ϭ 1, second ϭ 2, third ϭ 3, and fourth ϭ 4. Pre-and posttests are reported in raw total scores. Deviance for social studies ϭ 2,492.383; deviance for science ϭ 2,338.576. Posttests totals ti ϭ ␤ 00 ϩ ␤ 01 ‫ء‬ Grade level i ϩ ␤ 10 ‫ء‬ CALI ti ϩ ␤ 20 ‫ء‬ Pretest totals ti ϩ r 0i ϩ e ti. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
are provided in the online Supplemental Materials. We added all three preintervention standardized measures and interaction terms to the model at Level 2 and then, to preserve parsimony, trimmed nonsignificant effects. Final HLM results using our piecewise model revealed that oral comprehension was associated with performance on the unit assessment at the beginning of the study but not with growth (see Table S .2 and Figure 4 for model results). We found a C ϫ I interaction effect for preintervention passage comprehension such that children who had higher initial passage comprehension scores made greater gains in CALI social studies than did children who had lower scores. The interaction effect reversed for CALI science, such that students with weaker preintervention passage comprehension scores made greater gains in science than did students with stronger scores. Hence, by the end of the four CALI units, the C ϫ I interaction effects cancelled each other out. Treatment effects on distal measures and assessing opportunity cost. To assess potential opportunity cost, we examined treatment effects-either positive or negative-for standardized assessment outcomes. We found no evidence of opportunity cost. Using HLM models with students nested in classrooms, we found a significant positive effect of treatment for Picture Vocabulary (d ϭ 1.20), for Oral Comprehension (d ϭ .47), and for Passage Comprehension (d ϭ .22) for fourth graders. There was no effect of treatment-either positive or negative-in any other grades. For R2C, which was administered only to third and fourth graders, HLM multivariate multilevel models, with items nested in students nested in classrooms, revealed a positive effect of treatment, which was significantly greater for fourth graders than for third graders (see Table 7 and Figure 5 ).
Testing our theory of change. To test our theory of change (see Figure 1 , bottom), we used structural equation modeling (AMOS version 22.0). The path diagram, with standardized path coefficients, is provided in Figure 6 . In this model, CALI assignment predicts content knowledge using the last unit posttest, which takes into account the accumulation of content knowledge from the beginning to the end of the 12 weeks and four units. We then investigated the associations among our two language measures, This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
oral comprehension and vocabulary, and with the reading measure, passage comprehension. We only used assessments that were administered to all of the students from kindergarten through fourth grade. We used estimated marginal means to account for missing data. The fit of the data was adequate using three widely used fit indices (Hoyle, 1995) : Tucker-Lewis index ϭ .940, comparative fit index ϭ .988, and root mean square error of approximation ϭ .080, (p-close ϭ .113). Overall, our theory of change was supported (see Figure 6 and Table 8 ). Participation in CALI significantly predicted stronger performance on the last unit posttest score, which, in turn, predicted stronger vocabulary, oral comprehension and passage comprehension. Oral comprehension also predicted passage comprehension. The total standardized effect (direct plus indirect effects) of CALI participation on passage comprehension was 0.125. Overall, the model explained 50% of the variance in passage comprehension. The model assumes that oral comprehension predicts passage comprehension but the directions could be reversed because the standardized measures were assessed concurrently albeit after the unit posttest. Thus, there are plausible alternative models with similar fit and estimate results. For example, a model with spring vocabulary directly predicting comprehension, rather than oral comprehension, had identical fit and highly similar path coefficients. Reciprocal effects are also plausible but testing them was beyond the scope of this study.
Discussion
The results of our two studies reveal that CALI, when implemented with kindergarteners through fourth graders, can effectively improve students' social studies and science content knowledge, with large effects on proximal measures of social studies and science knowledge. During CALI lessons, students are provided with systematic opportunities to talk about, read, and experience social studies and science texts and content. This includes using original sources in social studies and experiments in science. Results also show that CALI can be an integral part of the literacy block without jeopardizing language and literacy learning with modest but positive effects on oral and reading comprehension skills (i.e., no opportunity cost). By the end of the school year, there were effects of treatment on reading comprehension and language skills. Specifically, third and fourth graders in the CALI condition demonstrated higher scores on the researcher developed R2C measure compared to students in the control group, and there was a small total effect on passage comprehension. Note. CALI ϭ content-area literacy instruction. Deviance ϭ 1,838.37. Third grade was the fixed reference group (ϭ 0; fourth grade ϭ 1). This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
As can be seen in Figure 3 , content knowledge gains accumulated over time as students completed each 3-week unit. That is, as students participated in CALI, their performance on the unit assessments increased, compared to the control group, until, at the final posttest, the effect of CALI was large by any standard. Moreover, there was some evidence of transfer when CALI shifted from social studies to science (see Figures 3 and 5) , which was unexpected. We conjecture that instruction on how to respond to open-ended questions as well as strategies for reading expository text may have contributed to this transfer. It was the case, for example, that the number of words written in response to the open-ended questions increased from social studies Unit A (first unit, M ϭ 26 words on three questions) to science Unit B (last unit, M ϭ 35 words), t(229) ϭ 6.31, p Ͻ .001, and, within content areas, from Unit A to Unit B (social studies, M ϭ 26 to 28 words, p ϭ .047; science, M ϭ 28 to 35 words, p Ͻ .001). CALI units were designed to build on one another and so the accumulation of knowledge and transfer of literacy skills from social studies to science learning is highly encouraging.
Finally, we partially demonstrated that general education instruction in social studies and science could be effectively individualized (or personalized) for students, regardless of incoming background knowledge, language, and reading skills. There were less than ideal C ϫ I interactions for social studies whereby students with weaker reading comprehension skills made smaller gains in social studies knowledge compared to students with stronger skills. However, this C ϫ I interaction reversed for science-students with weaker initial reading comprehension This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
skills made greater gains in science knowledge than did students with stronger skills. The net effect was similar outcomes regardless of incoming reading comprehension skill. CALI was developed over multiple iterations using DBIR. In conducting DBIR, the procedures we used involved iterating between design and evaluation to continually refine the intervention toward the aims established by the theory of change (see Figure 1) . The design team, which included researchers, teachers, and principals was critical to this process. Our design instances and small-t theories about how those designs functioned evolved over time, and were informed both by usability and outcome data generated through our iterative design pre-post studies with CALI. For instance, we learned that to reduce C ϫ I interactions required multiple methods in combination, including leveled text, small flexible learning groups, and assessment-guided instruction.
Limitations
There are limitations that should be considered while interpreting these results. First, all of the schools in our studies were higher poverty schools; at the most affluent school, 41% of students received FARL (M across all schools ϭ 57%). These results may not generalize to students attending more affluent schools. Second, the efficacy study was powered to find educationally important effects studywide but was arguably underpowered to find grade specific effects.
Third, when brought to scale, it is most likely that students' assignment to the CALI higher performing blue, average performing yellow, and lower performing green groups will change over the school year as students' skills change, as it did in the design studies. We lacked the resources to power this more dynamic protocol in the RCT, and hence the students spent the entire year in the same level group. The impact of CALI might differ if students change group level as their reading skills improve. Plus, the static groups may have contributed to C ϫ I interactions because the RCT used static grouping whereas the design studies used dynamic grouping. The whole point of using flexible learning groups is that students' groups change as their skills and learning needs change. Finally, children in the average and lower performing groups were more likely to leave the district compared to students in the higher performing groups although the rate of attrition for students with weaker fall reading skills was the same for both treatment and control groups. This limitation should also be considered when interpreting the RCT results.
Child ؋ Instruction Interactions
An explicit aim of CALI was to eliminate C ϫ I interactions. A key reason that the DBIR required multiple iterations was because eliminating C ϫ I interactions was difficult. Just as we solved one problem, another popped up. As one reviewer noted, It may be frustrating that solving one problem pops up another, but it also highlights how processes such as C ϫ I interactions are contextualized . . . and should not be assumed to give way for simple solutions. This is an important theoretical and practice insight from [design studies] not a problem.
As noted above, we found C ϫ I interactions in the RCT. Quantile regression results presented in the online Supplemental Materials ( Figure S. 2) showed some variation in treatment effects by quantile on the unit posttests, particularly at the tails. Taken together, these findings show that individual student's differential responses to instruction are pervasive and complicated to design against. We were generally successful in ensuring that, regardless of incoming skills, all students gained important content knowledge-but arguably, this was more the case with science and less with social studies. We attribute any success to DBIR and the important contributions of our teachers and partner principals. In addition, our findings offer insight into the challenges of designing effective instructional regimes and the importance of going beyond development and promise to the testing of efficacy. Of course, as we noted in the introduction, researchers conducting DBIR and RCTs have different aims and epistemological assumptions. We acknowledge the tensions and point out that the development and evaluation of CALI provides an important example of how competing frameworks can work synergistically to elucidate theory and practice (Creswell & Clark, 2011) .
Given the very real challenges of developing CALI, we wonder why anybody would think that researchers should develop instructional programs without teachers and educational leaders on the design team, or that classroom teachers should develop their own curriculum lessons and materials without researcher support. Yet, many instructional programs and interventions are designed to answer research questions and to test theory rather than to actually create instructional regimes that are actionable in today's classrooms. Plus, it is a pervasive expectation among school and district administrators, as well as many teacher preparation programs, that teachers develop their own curriculum, lessons, and materials. To develop CALI as an efficacious instructional regime took 2 years of careful teamwork among teachers, researchers, and educational leaders, using research funding through the Reading for Understanding Network (RFU; U.S. Department of Education, Institute of Education Sciences). The RFU funding accelerated what would have, using other funding mechanisms, taken at least 7 years (3 for development and 4 more for efficacy). DBIR allowed us to fail fast and learn from mistakes; continuous RFU funding allowed us to move directly from development to efficacy-and to develop CALI science during the first half of the efficacy trial.
The next challenge will be to bring effective instructional programs to the classroom by increasing use of effective standards of practice for educational professionals, and reducing the current idiosyncratic practices that are pervasive (Raudenbush, 2005) . School-research partnerships are an important and evolving practice (Coburn, Penuel, & Geil, 2013) . Improving how we educate preservice and in-service teachers, educational leaders, and researchers, along with changing practitioners' and policymakers' perceptions about the importance of research and efficacy testing will be crucial next steps.
Opportunity Cost
A key assumption for why there is less time spent teaching social studies and science in the early grades is that time teaching them is time taken away from teaching reading (Williams et al., 2009) . Our results suggest that this is not the case. Even with research teachers rather than classroom teachers implementing CALI, there was no opportunity cost. Students in CALI generally performed as well as or better on a standardized measure of This document is copyrighted by the American Psychological Association or one of its allied publishers.
reading comprehension, compared to students in the control group. This was the case even considering that the classroom teacher had fewer students to teach during the literacy block while CALI was implemented. These results replicate and extend findings by Williams and colleagues (2009) for second graders to include kindergarteners through fourth graders. Teaching content-area literacy effectively does not preclude students' reading gains and, particularly for later grades, may enhance oral and written comprehension. Indeed, as we discuss next, our theory of change was supported, indicating that gaining content knowledge appears to be an important contributor to proficient reading for understanding.
Testing our Theory of Change
Although we started with a model based on the DIME model (see Figure 1 , top), a simpler model emerged during the DBIR and was tested with the efficacy study data (see Figure 1 , bottom, and Figure 6 ). In this model, we conjectured that improving content knowledge would impact both oral and written comprehension skills and that there would be direct effects of CALI on reading comprehension skills, as well as indirect effects through improved oral comprehension and vocabulary. Testing reciprocal effects was beyond the scope of this study. The elements of our theory of change that we could test were supported. Results revealed that increasing content knowledge was associated with gains in vocabulary, oral comprehension, and passage comprehension. In reviewing total effects (direct and indirect) of content knowledge on the constructs of interest (see Table 8 ), we found stronger total effects for oral and reading comprehension and smaller effects for vocabulary.
The emerging constructs of academic knowledge and academic language (Snow, 2010) are supported by the model-content knowledge predicts both vocabulary and oral comprehension, as well as reading comprehension (see Figure 6 ). Academic language is defined as the more formal language that is used increasingly in classrooms as students' schooling progresses into middle school and beyond. It requires specialized vocabulary and a sophisticated semantic system, a more formal syntax, strong world and content knowledge, and metacognition. The Common Core Standards and the Next Generation Science Standards, for example, mandate critical thinking and making inferences across texts, which requires strong academic language as well as metacognition. The increasing development of metacognition, which emerges around the ages of 8 and 9 years, may help to explain the greater effect sizes in fourth grade (see Table 6 ).
In sum, our findings reveal that kindergarten through fourth grade is not too early to teach content-area literacy, which can be taught during the dedicated block of time devoted to reading instruction without negatively impacting reading gains. We did observe C ϫ I interactions in social studies (students with weaker reading comprehension skills made weaker gains compared to those with stronger skills) as well as science although the C ϫ I interactions had the opposite effect for science (students with weaker comprehension made greater gains compared to those with stronger skills). Hence, continued focus on individual differences among students and the importance of dynamically individualizing (or personalizing) the instruction they receive, based on their developing skills, will help meet the aims of all students achieving their potential and mitigating achievement gaps. Content-area literacy instruction, which takes into account individual student differences, is explicit and systematic, and encourages students to read, write about, and talk about expository text, while also incorporating disciplinary practices, can effectively increase students' development of content knowledge through the early, middle, and later elementary grades, with positive effects on oral and written comprehension.
